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SUMMARY 
This report presents the neutron flux distributions measured in the core 
of the Trino Vercellese Plant during the first core life by means of the incore 
instrumentation system called "Aeroball". 
The Trino Vercellese Plant, known also as SELNI plant or E. FERMI plant, 
is provided with a pressurized light water reactor having a rated thermal output 
of 825 MW(t). Two turbine-generator units are installed having a gross capacity 
of 300 MW(e) corresponding to a thermal output of about 1 000 MW. 
The knowledge of the neutron flux distribution is expected to provide valuable 
assistance in connection with the planned increase in plant rating up to saturation 
of turbine capacity. 
This report also briefly describes the Aeroball system operation and discusses 
the methods used in the data correction and analysis and associated errors. 
No a t tempt has been made to systematically compare experimental and 
theoretical results. The theoretical data presented in the report were mainly 
used to indicate trands and to help in presentation of experimental data. 
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NEUTRON FLUX DISTRIBUTIONS DURING FIRST OPERATING CYCLE 
OF TRINO VERCELLESE REACTOR (+) 
DESCRIPTION OF THE SYSTEM AND OF ITS OPERATION 
1. 1 General 
The Aerobal l sys tem const i tutes the in -co re instrumentat ion of the 
Trino Verce l lese reac to r , Italy, which is to provide information on 
the neutron flux dis tr ibut ion in the core . Fo r this purpose, the activity 
induced by the flux is measu red using movable probes introduced into 
the reac to r . The sys tem is made up of two p a r t s :a section for i r -
radiat ion, and a readout section for activity m e a s u r e m e n t s . 
1.2 I r rad ia t ion section 
At the cen te r of 30 of the 120 fuel a s s e m b l i e s forming the core the re . 
is a thimble in which a column of small ca rbon-s t ee l balls is introduc-
ed. Manganese is added to the carbon steel for the purpose of act iv-
ation. Fig. 1 shows the symbols and locat ions of the fuel a s s e m b l i e s 
and Aerobal l th imbles in the core . 
The 30 ins t rumented locations a re not concentrated in a pa r t i cu l a r 
a r ea of the core , but a re a lmost dis t r ibuted at s t ra tegic points in the 
r eac to r la t t ice . Though the in -core ins t rumenta t ion system has been 
designed assuming qua r t e r core symmet ry , the pa r t i cu la r se lec ted 
pat tern has the advantage, against the more t radi t ional approach of a 
fully ins t rumented quadrant , of detecting the whole core r e g a r d l e s s 
of the degree of symmet ry . This becomes valuable if refueling 
schemes or control rod p rogramming not involving high degree of 
symmet ry will be used. Tilt detection is also improved. Final ly , the 
selected pa t te rn avoids neutron flux t i l t s due to concentrat ion of 
ins t rumented fuel a s sembl i e s in one quadrant . 
Fig. 2 gives a schematic representation* of the sys tem. Each thimble 
holds two adjacent tubes : one (1. 5 mm dia.) in which the ba l l s move 
in the two d i rec t ions (Aeroball tube) ; the other (2. 3 m m dia.) i s 
provided for the introduction of i n -co re c h a m b e r s . 
Manuscript rece ived on March 4, I968 . 
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At the beginning of the m e a s u r e m e n t s , a nitrogen s t r eam pushes the 
column from the holdup section through the Aeroball tube and into 
the r e spec t ive fuel assembly . The length of the column is slightly 
g r e a t e r than the core height and the bal ls are held at the bottom by 
a c r i m p in the tube. The ba l l s a re then i r radia ted for the duration 
p r e d e t e r m i n e d by the opera tor . At the end of the i r rad ia t ion period, 
a n i t rogen s t r e a m is sent into the gap between the thimble wall and 
the inner tubes , and hence it en t e r s the Aeroball tube through the 
bot tom. Thus , the ni t rogen s t r e a m pushes the column back into the 
holdup section. 
F o r each of the 30 m e a s u r e m e n t channels , two indipendent sets of 
ba l l s a re provided to pe rmi t two m e a s u r e m e n t s to be taken in rapid 
success ion . The set to be i r r ad i a t ed is selected by means of the 
d i v e r t e r valve Rl (Fig. 2). The two sets are called A and B. 
1. 3 Readout sect ion 
When i r r a d i a t i o n is completed - - an operat ion which can be c a r r i e d 
out on all the channels s imul taneously - - the gamma activity induced 
in the Mn-55 (half-life 2. 58 h r s ) by the neutron flux is measu red . By 
m e a n s of the d i v e r t e r valve R2 (Fig. 2) the selected column is pneu-
la t ica l ly blown to the readout section (Fig. 3). 
This sect ion cons i s t s of a rotating table along the c i rcumference of 
which the ba l l s coming from the Aerobal l tube a r range themse lves . 
A synchronous moto r tu rns the table over a scinti l lation counter which 
r eads out the act ivi ty of 16 bal ls at a t ime.The readout signal is sent 
to a p i c o a m m e t e r designed for seve ra l different ranges . The p icoam-
m e t e r is connected to a r e c o r d e r which maps the activity of the column. 
Before the column is scanned, a reading is taken of the activity of a 
Co-60 source which is fixed on the table in such a posit ion as to precede 
the column over the scinti l lat ion counter . 
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At the s a m e t i m e , the o p e r a t o r can m a k e u s e of the o n - l i n e P r o d a c - 5 1 0 
c o m p u t e r which m e m o r i z e s 50 ac t i v i t y v a l u e s of the c o l u m n t a k e n at 
r e g u l a r i n t e r v a l s . By m e a n s of t h e s e v a l u e s and a p p r o p r i a t e c o m p u t e r 
p r o g r a m s , the c o m p u t e r p r o c e s s e s the d a t a p r o v i d e d by the A e r o b a l l 
s y s t e m and g i v e s the d e s i r e d i n f o r m a t i o n on p o w e r d i s t r i b u t i o n . 
When the a c t i v i t y of the whole c o l u m n i s r e a d out , the b a l l s a r e b lown 
b a c k w a r d s and p u s h e d into the holdup s e c t i o n . The coupl ing b e t w e e n 
the s t a t i o n a r y tube and the tube on the r o t a t i n g t ab le i s p r o v i d e d by a 
ro t a t i ng jo in t . 
The a c t i v i t i e s induced in a l l the i r r a d i a t e d c o l u m n s a r e s c a n n e d and 
r e c o r d e d m the s e q u e n c e s e l e c t e d by the o p e r a t o r to ob t a in the c o r -
r e s p o n d i n g m a p s . F r o m e a c h c o m p l e t e m e a s u r e m e n t ( run ) , up to 30 m a p s 
c a n be ob t a ined which g ive the a c t i v i t i e s p r o p o r t i o n a l to the n e u t r o n 
flux at the c e n t e r of the 30 e l e m e n t s . 
2. A E R O B A L L DATA C O L L E C T I O N AND P R O C E S S I N G 
2. 1 D a t a c h a r a c t e r i z i n g c o r e and A e r o b a l l s y s t e m cond i t i ons d u r i n g an 
A e r o b a l l Run (A. R. ) 
T h e s e inc lude : 
(*) 
a) C o r e t h e r m a l output 
b) C o n t r o l rod p o s i t i o n 
c) B o r o n c o n c e n t r a t i o n in the coo lan t 
d) A l k a l i c o n c e n t r a t i o n in the coo lan t 
e) C o r e i r r a d i a t i o n l e v e l 
f) A v e r a g e t e m p e r a t u r e in the four l o o p s of the cool ing s y s t e m 
g) T e m p e r a t u r e d i f f e r e n c e b e t w e e n hot and cold leg in the fou r l o o p s 
h) R e a d i n g s of the 6 n u c l e a r c h a m b e r s 
i) D u r a t i o n of ba l l i r r a d i a t i o n 
j) A e r o b a l l s y s t e m p i c o a m m e t e r r a n g e 
(±) In t h i s r e p o r t , r e f e r e n c e i s often m a d e to the g r o s s e l e c t r i c ou tpu t . The 
t h e r m a l output i s o b t a i n e d f r o m the g r o s s e l e c t r i c output by d iv id ing the 
l a t t e r by 0. 305 ( a v e r a g e g r o s s p l an t e f f i c i ency) . 
( i i ) The c o n t r o l rod p o s i t i o n i s n o r m a l l y e x p r e s s e d in t h i s r e p o r t in s t e p s . 
R o d s a l l out c o r r e s p o n d to 263 s t e p s ; r o d s a l l in c o r r e s p o n d to 0 s t e p s . 
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k) Aeroba l l sy s t em photomult ipl ier voltage 
i) His tory of power var ia t ions and control rod movements in the 
t h r ee days preceding the A. R. 
2. 2 Aeroba l l Raw Data 
These include : 
a) The axial act ivi ty m a p s recorded 
b) Compute r pr in tou ts (for each Aeroball) giving : 
- 50 act ivi ty readings at r egu la r in tervals 
- background reading in the absence of bal ls 
- readout t ime 
c) Data concerning plant conditions at the beginning of i r rad ia t ion 
(snapshot) . 
At tachment 1 shows two prof i les obtained from the r e c o r d e r cha r t s 
and rela t ing to two different A. R. ' s . Attachment 2 shows a typical 
compu te r pr in tout with an explanation of the data. 
2. 3 Aeroba l l Data Reduction 
2. 3. 1 Background and decay cor rec t ions 
The value c o r r e c t e d for background, decay and res idual 
activity, if any, of the activity of Aeroball J in the axial posit ion n 
for an infinite i r r ad i a t i on t ime is given by the following formula : 
J n 
(A - Β ) - A J n g ι 
- M t e - t ou t ) 
- X ( t e - tep) 
1 - e 
^ (tout - Hn ) 
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where : 
A ordinate at point n of the activity map 
Jn 
t t ime at which i r rad ia t ion of all the columns begins 
in 
t t ime at which bal ls leave the core 
out 
t t ime at which the scanning of a column on the rotating table 
e , 
begins 
t t ime at which the same column was read in the preceding A. R. 
ep 
B background cor rec t ion 
A A reading in the previous A. R. 
ρ Jn * _j 
λ Mn-56 decay constant, equal to 0. 0044864 min 
(*) 2. 3. 2 Ins t rument drift cor rec t ion 
To prevent the in te rpre ta t ion of the data from being a l tered 
by a possible ins t rumenta t ion drift, s tar t ing from run 16A a cor rec t ion 
was made as follows (monitor method). The reading of a given column 
of bal ls (monitor) is repeated every three columns and then co r r ec t ed 
for background and decay. In the absence of a drift, the values should 
remain the same. Any observed differences a re attr ibuted to ins t ru -
mentat ion drift. 
The ra t ios between the average values of all the activity readings of 
the moni tor and that of the f i rs t reading a re plotted to obtain the 
var ia t ion of the cor rec t ion factor C with t ime. The correc t ion is made 
as follows : the in tegrated activity which was read at time t is divided 
by the corresponding factor C (t). 
The same method can be applied by plotting repeated readings of the 
source . 
(*)Cfr ENEL Doc. 811.610. 8 1 1 / 1 , Quar ter ly P r o g r e s s Report, No. 1 
(June-September 1966). 
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2. 4 Aeroba l l Data Analys is 
2 . 4 . 1 Activity va r i a t ion in an Aerobal l as a function of i r rad ia t ion 
A compar i son was made of the data obtained with the same A e r o -
ball in different runs. Only the runs performed with Xe at equi-
l i b r ium (i. e. constant power level and control rods position in 
the th ree days preceding the run) and rods withdrawn by more 
than 250 s teps were considered, plus run 16 A which was pe r -
formed with the control rod group at 193 s teps . The axially 
in tegra ted ac t iv i t i es given by the computer and co r rec t ed as 
de sc r i bed in 2. 3 were r e f e r r ed to the same measur ing conditions 
with r e g a r d to power, i r rad ia t ion t ime and efficiency of the whole 
m e a s u r i n g channel in the following manner . Fo r each A. R. a 
source reading was taken : the source value co r r ec t ed for decay 
(S), was divided by the value corresponding to run 16A (S ,) 
taken as r e f e r ence . Then, by dividing the integrated activit ies of 
an A. R. by the ra t io S/S . and the MWt at which the m e a s u r e m e n t 
16 
was taken, we obtained absolute values which can be compared 
with those of o ther A. R. ' s . It was not n e c e s s a r y to account for 
the bal l i r r ad i a t i on time as it was the same for all A. R. ' s 
(10 minu tes ) . 
Since the source was changed a f t e r r u n 3 6 , t h e c o r r e c t i o n 
was not poss ib le for the subsequent runs. The analys is was 
t he r e fo re j l imi ted to runs 16A (before which the source was 
changed), 24A, 27B, 31B, 32B, 33A and 35A. Unfortunately, the 
l imi ted i r r a d i a t i o n in terval (2600-4250 M W D / M T U ) did not allow 
the act ivi ty va r i a t ions in a channel to be followed throughout one 
comple te opera t ing cycle. 
The r e s u l t s obtained (see Sec. 3) a r e general ly sa t is factory, even 
though within the l imi t s mentioned above. The consis tency of 
13 
the exper imenta l points w a r r a n t s the adoption of this method for 
the next reac to r operating cycles . 
2 . 4 . 2 Radial activity distr ibution 
The activity va lues , axially integrated by the computer and co r -
rec ted as descr ibed in 2. 3, were normal ized for each A. R. up to 
the 36th to the value corresponding to Aerobal l 19. 
F o r the A. R. ' s following the 36th, the same procedure was 
adopted, but the act ivi t ies were axially integrated manually 
because the computer was out of operat ion. 
With these values of activity, maps were plotted to obtain the 
radial flux distr ibution in some of the runs . Moreover , these 
values were util ized to obtain the activity var ia t ion in one A e r o -
ball as a function of the i r rad ia t ion level , in view of the difficulty 
of comparing absolute va lues , as desc r ibed in the preceding 
pa rag raph 2 .4 . 1. 
Runs 16A and 18B, per formed with par t ia l ly inser ted rods and 
xenon at equi l ibr ium, were dealt with separa te ly as the in tegra t -
ed act ivi t ies were calculated also for the axial a r ea not affected 
by the control rods . Indeed, it was demons t ra ted that this pa r t i a l 
integrat ion leads to an activity dis t r ibut ion which is prac t ica l ly 
unaffected by the p resence of the control rods . The par t ia l ac t iv-
i t ies were calculated on the bas i s of the data recorded by P r o d a c -
510 computer . 
The r e su l t s relating to runs 1 through 15 were not considered 
because the cor rec t ion for ins t rumenta t ion drift was only introduc-
ed after r u n 15. 
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2 . 4 . 3 Axial act ivi ty d is t r ibut ion 
The act ivi ty m a p s cons idered were normal ized to the activity value 
ave raged over the full core length. It was not n e c e s s a r y to make 
c o r r e c t i o n s for decay and ins t rumenta t ion drift; the only cor rec t ion 
made was a background cor rec t ion . After this operat ion, it is 
poss ib le to detect any differences due to axial d i s to r s ions by over-
lapping the m a p s per ta ining to different runs. 
The n o r m a l i z e d m a p s of a single run appear to be a lmost identical 
for the runs with withdrawn rods , whereas when the rods a re i n s e r t -
ed the re la ted maps show differences which are somet imes quite 
significant. 
The four Aeroba l l analyzed for each run a re : Aerobal l s Nos. 13 and 
15 adjacent to a control rod on the boundary between the in termedia te 
and c e n t e r reg ions ; and Aeroba l l s Nos. 7 and 22 - - both far from 
the cont ro l rods - - located respect ively at the core pe r iphery and 
at the cen te r . 
2 . 4 . 4 P r o c e s s i n g of the r e su l t s of run 38B 
This run was pe r fo rmed at 9850 M W D / M T U and it is the only one 
for which a complete compar i son was made with the theore t ica l 
data computed by the fuel e lement des igner and manufac ture r 
(Westinghouse) for the same burnup level. The compar i son was 
c a r r i e d out with the p rocedure descr ibed herebelow. 
On the b a s i s of the following theore t ica l on-s i te computer input 
cons t an t s , the activi ty of the Aerobal l was converted into t e r m s 
of power of the va r ious core a s semb l i e s : 
I , 
! l . = ra t io between the activity of the re ference Aerobal l and a 
J gene r i c Aerobal l J (30 constants with rods all out); 
­ 15 ­
rèi = ratio between the average power of the reference fuel a s sem­
r e * bly and the activity in the reference Aeroball (1 constant); 
P i 
= rat io between the average power of fuel assembly i and the average power of the reference fuel assembly (30 constants) 
If the axially integrated act ivi t ies ­ ­ expressed in a r b i t r a r y uni ts 
which a re however consis tent for the same run ­ ­ a r e denoted by 
I the power genera ted in assembly i is computed in a r b i t r a r y 
units by means of the following formula : 
1 r P r P · 
ref ref ι 
^ . — 1 -r * « — 
J ref ref 
This method allows the power genera ted by any one a s sembly to 
be calculated by means of any Aerobal l J . A quar te r core sym­
m e t r y was assumed. If in a fuel a s sembly (or i t s quadrant sym­
m e t r i c a l correspondent) there is an Aerobal l , the power of the 
a s sembly is calculated on the bas i s of the activity of that A e r o ­
ball . Instead, if the re is no Aerobal l o r it i s not operat ing, the 
calculat ion is per formed by averaging the values obtained with 
the two or three n e a r e s t Aeroba l l s . 
2. 5 Summary of all the A. R. ' s 
F o r all the A. R. ' s per formed, Tables l a through Id give the 
significant data which cha rac t e r i ze the conditions of the plant and 
Aerobal l sys tem during the per formance of a run. 
3. PRESENTATION OF THE RESULTS 
3. 1 Radial dis t r ibut ion 
Tables 2a to 2h show the data relat ing to runs 16A, 19B, 24A, 
27B, 3.1B, 32B, 33A and 35A. 
The f i rs t column of each table gives the Aerobal l number; the 
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second, the value of the axially integrated activity co r rec ted for back-
ground and e lapsed t ime;the third, the cor rec t ion fac tors C for ins t ru -
menta t iondr i f t ; the fourth, the integrated activity values co r r ec t ed to 
account for ins t rumenta t ion drift; the fifth, the integrated act ivi t ies 
r e f e r r e d to the same m e a s u r e m e n t conditions and the same power 
level as indicated in 2 .4 . 1; the sixth, the ra t ios between the inte-
g ra t ed ac t iv i t ies in the fourth column and that of Aerobal l 19. 
Tab le s 3a to 3e give the data relat ing to runs 37B, 38B, 39B,40B 
and 42A. The second column of these tables shows the values of 
the ac t iv i t ies axially in tegra ted on the bas is of the r e c o r d e r char t s 
and e x p r e s s e d in m i c r o a m p e r e s , co r rec ted for e lapsed t ime and 
background. 
The m a p s in F i g s . 4A to 4C give the ra t ios I T / I , Q der ived from 
tab les 2c, 2h and 3a re la t ing to three runs performed at different 
core i r r a d i a t i o n l eve l s . 
F igs . 5A to 5F give a compar i son of the r e su l t s in tables 2 and 3 
with those obtained on a theore t i ca l bas is by FIAT under a comple-
m e n t a r y r e s e a r c h p r o g r a m of the Ene l -Eura tom p r o g r a m . 
Each sect ion of these f igures indicates the exper imenta l data 
re la t ing to o c t a n t - s y m m e t r i c a l Aerobal l s . The theore t ica l curve 
is the same for each group of symmet r i ca l Aerobal l s as the ca l -
cula t ions were p rac t i ca l ly pe r fo rmed for an octant symmet ry . In 
o r d e r to point out any sys temat ic differences between ball se t s 
A and B, the respec t ive set for each exper imental point is identified. 
This method of p resen ta t ion allows us to detect any t i l t s a n d 
spur ious points due to g rea t differences in flight t imes between 
column of different se ts . 
The ana lys i s of the exper imenta l data led to the conclusion that, in 
view of the absence of sys temat ic differences between the resu l t s 
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relat ing to Aerobal l s located in different octants , the core octant 
symmet ry is sat isfactori ly verified. 
Fo r runs 16A and 19B, which were per formed with Xe at equil i -
b r ium and the control rods inser ted at 193 and 223 steps r e s p e c -
tively, the analysis was c a r r i e d out according to the procedure 
descr ibed in 2 . 4 . 2 . F o r these runs , Tables 4a and 4b give the 
in tegrated act ivi t ies for the a r ea unaffected by the control rods . 
The values of these act ivi t ies r e f e r r ed to Aerobal l 19 are compar -
ed with the corresponding total activity ra t ios , derived from 
Tables 2a and 2b, in F igs . 6A and 6B, where the influence of the 
proximity of the control rods on the radial activity distr ibution 
can be observed. 
These r e su l t s c lear ly show the necess i ty of l imiting the calculat ion 
of the activity relat ing to runs pe r fo rmed with inser ted rods only 
to the lower par t of the activity profi le , which is not affected by 
the control rods . 
The re su l t s relating to run 38B, obtained as descr ibed in 2 . 4 . 3, 
a r e shown in Table 5 and Fig. 7, where the theore t ica l r a t ios 
P j / P a v a re compared with the corresponding ra t ios calculated 
on the bas i s of the exper imenta l data. 
The compar ison between the theore t ica l and exper imenta l data at 
the. same burnup level is completed in Fig. 8, where the ac t iv i t ies 
r e f e r r ed to Aerobal l 19,experimental (run 38B) and theore t ica l 
(computed by We st inghouse) ,are indicated. 
The consis tency between the exper imenta l and theore t ica l data 
provided by the r eac to r des igner - - which was al ready noted in 
the power compar ison - - i s confirmed by the low values of the 
percen t deviations between theore t ica l and exper imenta l activity 
data. 
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3. 2 Axial d is t r ibut ion 
Tab les 6a and 6e give the max imum/ave rage axial ra t ios for some 
of the runs . The las t column in the table shows the axial position 
of the max imum, s tar t ing from the core bot tom, expres sed in 
fiftieths of the core height. Compute r -p rocessed data were used, 
but no co r r ec t i on was made for background in the p resence of ba l l s . 
It was a lso noted that the re is not a perfect cor respondence between 
the average activi ty value obtained graphical ly and the value provid-
ed by the computer . However, it is es t imated that the result ing 
e r r o r is l e s s than + 3%. 
Fig. 9 shows the m a x i m u m / a v e rage axial rat io F as a function of 
core burn up for a few Aerobal l s , in runs per formed with withdrawn 
rods and xenon at equi l ibr ium, and for a few significant Aerobal l s 
under va r ious deg rees of rod inser t ion . This rat io is prac t ica l ly 
constant for all the Aeroba l l s in the same run with withdrawn rods 
and xenon at equi l ibr ium. In the other cases , thLs rat io differs for 
the va r ious Aeroba l l s , and the Aerobal l r e fe r red to i s indicated. 
In the same f igure, we have indicated the theore t ica l var ia t ion of 
th is ra t io as es t imated by FIAT for reac to r operat ion with p e r m a -
nently withdrawn rods . It will be observed that the exper imenta l 
points re la t ing to a l l - rods-ou t condition and compr ised between 
2000 and 4000 M W D / M T U all appear above the aforesaid curve . 
In fact, r e a c t o r operat ion with par t i a l ly inser ted rods during the 
ini t ia l opera t ing per iod (up to about 2600 MWD/MTU) affected the 
axial burnup dis t r ibut ion, causing an upwards shift of the axial 
peak with a consequent i nc rease in the max imum/ave rage rat io . 
F o r the runs with a l l - r o d s - o u t , the F ratio dec rea se s" constantly 
from 1. 39 to 1. 16 as the burnup r i s e s from 1180 to 100 38 M W D / 
MTU. F o r runs with par t ia l ly inse r t ed rods , this rat io is strongly 
dependent on the posit ion of the rods , and it may inc rease cons ider -
ably (approximate ly up to 2 for Aerobal l 13 of run 14). 
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To show the quantitative effect of the control rod position, burn-
up level and Aerobal l position on the axial dis tr ibut ion under dif­
ferent operating conditions, F igs . 10A, Β and l i A , Β are incor -
porated in this repor t . 
Fig. 10A shows the data relating to A. R. 14B, performed with the 
control rods at 88 s teps, 80 MWe, 2600 MWD/MTU. This was 
the run with the highest rod inser t ion. A compar i son was then 
made of Aerobal l Nos. 22, 13 and 15. Of these , Nos. 13 and 15 
a re located near a control rod, whilst Aerobal l 22 is located at 
the cen te r , far from the control rods . This different position is 
reflected very c lear ly in the axial distr ibution. F u r t h e r m o r e , 
Aerobal l 13 is affected by the proximity of the control rod more 
than Aerobal l 15, and this is confirmed in the other runs. 
Fig. 10B, shows the maps relat ing to Aerobal l s 13 and 20 in run 
18A. This run was per formed with a lower degree of rod inser t ion 
(199 s teps) , at 150 MWe, 2690 MWD/MTU. 
Aerobal l 13 is near a control rod, whereas Aerobal l 20 is far 
from it. The figure shows a different skewing of the profile for 
the two cases caused by the par t ia l inser t ion of the control rods . 
Fig. I IA, with the maps relating to Aerobal l 22 in two different 
runs , points out the effect of non-equi l ibr ium xenon d i s t r ibu t ions . 
These a re runs 9A and 10B which were performed under the same 
r e a c t o r operating conditions (2220 MWD/MTU, 126 MWe, 286 steps) . 
A. R. 9 was per formed 5 hours after complete rod extract ion ; A. R. 
10 was per formed 44 hours l a t e r . 
One can see that the peak has shifted considerably towards the core 
top and at the same t ime F z has increased . The effect of xenon r e ­
dis t r ibut ion is slightly more pronounced in the Aerobal ls n e a r e r 
the rods . 
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Fig. I I B shows four activity maps which can be considered r e p r e -
sentat ive of the axial neutron flux distribution during the lifetime 
of the f i r s t co re , with the control rods prac t ica l ly withdrawn and 
xenon at equi l ibr ium. 
These prof i les reflect the pa r t i cu l a r manner in which the f i rs t 
core was opera ted , that i s , with the ten rods of the control group 
i n s e r t e d by about l / 3 of the active core length during the initial 
per iod up to about 2600 MWD/MTU. 
The map of A. R. 6B, per formed at 1580 MWD/MTU, shows that 
the a s y m m e t r y in the axial burnup distr ibution, due to operat ion 
with the control group par t ia l ly inser ted , causes only a slight 
skewing of the neutron flux towards the core top when all rods a re 
withdrawn. In the profile of A. R. 10B, performed at 2250 MWD/ 
MTU, neutron flux skewing is more pronounced. 
The m a p of A. R. 35A, pe r fo rmed at 4257 MWD/MTU, indicates 
that opera t ion with the rods p rac t i ca l ly all out for about 2000 
MWD/MTU had a l ready attenuated the asymmetry in the axial burn-
up d is t r ibu t ion and consequently the upward skewing of the neutron 
flux. In addition, neutron flux flattening s tar ted appearing in this 
profile due to the higher burnup at the core center . 
The map of A. R. 39B, pe r fo rmed at 10,038 MWD/MTU, is r e p r e -
senta t ive of the conditions at the end of the life of the f i rs t core . 
The h igher burnup at the core cen te r flattened the map considerably 
and was about to de te rmine a depress ion at the center . It can 
a lso be noted that the axial peak has shifted towards the core bottom. 
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SYSTEM E R R O R ANALYSIS 
In o r d e r to a s s e s s the p r e c i s i o n of the s y s t e m , a few of the m o s t l i k e l y 
c a u s e s of s y s t e m a t i c e r r o r s w e r e s tud ied and a r e d e s c r i b e d b e l o w . It 
should be b o r n e in m i n d tha t the v a l u e s i n d i c a t e d for the m a x i m u m e r r o r 
due to the v a r i o u s c a u s e s w e r e ob t a ined f r o m l a r g e l y a p p r o x i m a t e e s t i m a t e s . 
The r e p r o d u c i b i l i t y of the s y s t e m h a s not ye t b e e n a s s e s s e d . 
4 . 1 I n s t r u m e n t a t i o n dr i f t 
The m e t h o d u s e d so f a r to c o r r e c t t h i s c a u s e of e r r o r w a s d e s c r i b -
ed in P a r a g r a p h Z. 3. 2. By a rough e s t i m a t e , the m a x i m u m r e s i d u a l 
e r r o r of i n t e g r a t e d ac t i v i t y a f t e r c o r r e c t i o n a p p e a r s to be w i th in 2 % . 
4 . 2 D i f f e r e n c e s in ba l l t r a n s i t t i m e t h r o u g h the c o r e 
B a l l t r a n s i t t i m e causes an a x i a l d i s t o r s i o n in the n e u t r o n flux 
b e c a u s e the b a l l s in one c o l u m n a r e not i r r a d i a t e d for the s a m e 
length of t i m e . 
Both when e n t e r i n g and when l eav ing the c o r e the b a l l s at the b o t t o m 
a r e i r r a d i a t e d l o n g e r than t h o s e at the top . To e v a l u a t e the effect 
of the d i f f e r en t t r a n s i t t i m e s on ax i a l d i s t r i b u t i o n , b a l l s p e e d w i th in 
the c o r e w a s a s s u m e d to be c o n s t a n t . The n o m i n a l i r r a d i a t i o n t i m e s 
c o n s i d e r e d w e r e 1 and 10 m i n u t e s . The e r r o r c a l c u l a t e d on F z w a s 
l e s s t han 0. 5% for 1 0 - m i n u t e i r r a d i a t i o n and 2 , 5 % for o n e - m i n u t e 
i r r a d i a t i o n . 
It w a s t hen d e c i d e d to u s e n o r m a l i r r a d i a t i o n t i m e s of a t l e a s t 10 
m i n u t e s . 
4 . 3 D i f f e r e n c e s in b a l l f l ight t i m e s 
The d i f f e r e n c e s in f l ight t i m e , i. e. the d i f f e r e n c e s in the t i m e t a k e n 
by the v a r i o u s b a l l c o l u m n s to r e a c h the c o r e , l ead to d i f f e r en t i r -
r a d i a t i o n t i m e s and t h e r e f o r e a d i s t o r s i o n in the r a d i a l a c t i v i t y 
d i s t r i b u t i o n . T h i s p h e n o m e n o n w a s no t ed by s y s t e m a t i c c o m p a r i s o n 
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of read ings taken with the two sets A and Β under the same 
condi t ions . The difference in flight time is probably due to a ball 
st icking in the c r i m p of some of the holdup sect ions. The holdup 
sec t ions a r e now being replaced to el iminate this problem. 
In one i s t ance , the e s t ima ted difference in the flight t imes of se ts 
A and Β was such as to give r i se to a maximum e r r o r of 6% on the 
value of act ivi ty. It has not been possible yet to evaluate the dif­
f e r e n c e s in flight t imes between bal ls of the same set and between 
different Aeroba l l s . A new procedure has been devised to m e a s u r e 
flight t i m e s in future. 
4 . 4 Short channels 
The two channe l s , Nos. 15 and 23, are three inches shor te r than 
the o t h e r s . The resul t ing e r r o r is quite negligible owing to the 
low neut ron flux at the two ends of the core . 
4 . 5 Misa l ignment between ball co lumns, fuel and computer readout 
points 
The re la t ive posi t ions of the th ree factors were de termined. The 
calcula t ion was based on the actual grid distance of 10. 875 inches. 
This d is tance was che eked against the distance which it was possible 
to de r ive from the r e c o r d e r cha r t s and from the point activity 
m a p s obtained with the computer . The sys temat ic e r r o r , due to 
imper fec t a l ignement in the core between the channels containing 
the ba l l s and the m i c r o switch on the readout table which de t e rmines 
the beginning of computer scanning, was calculated. This e r r o r 
tends to o v e r r a t e the ra t io between the maximum and average 
axial fluxes by not more than 0. 6%. 
(*) 4 . 6 Background 
The background in the absence of ba l l s i s automatical ly e l imina t ­
ed before each column is scanned. The res idua l e r r o r is normal ly 
(*) Cfr ENEL Doc. 8 1 1 . 6 1 0 . 8 1 1 / 2 , Quar te r ly P r o g r e s s Report , No. 2 
( S e p t e m b e r - D e c e m b e r 1966). 
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very smal l . 
The p resence of bal ls on the readout table causes a further s ignal-
e r r o r along the axial profile which cannot be el iminated. This e r -
r o r can be read at the edges of the axial profile around the re ference 
source signal (see Attachment 1). 
In the assumption that the activated bal ls give r i se to the same ef-
fect as the source , the axial t rend of this profile e r r o r was ca lcula t -
ed and found to deviate by not more than 2% from the value at the 
edges of the axial profi le. 
There fore , by subtract ing from the ent i re activity profile the value 
read at the edges of the source , the res idual e r r o r committed in 
the determinat ion of the axial max imum/ave rage rat io should never 
exceed 2%, and in the major i ty of ca ses it is l e s s than 1%. 
4. 7 Other causes (wrinkling) 
Wrinkling cons i s t s of discont inui t ies in the axial activity profi le . 
Attachment 1 gives a profile with wrinkling and one without. The 
following observa t ions were made : 
1. Wrinkling is reproducible for an Aerobal l of the same run 
scanned repeatedly (monitor) . 
2. F o r a given Aerobal l , the wrinkles a re reproduced in sub -
sequent runs using the same set of ba l l s . 
3. F o r the same Aerobal l , the wr inkles a re not reproduced when 
the set i s changed. 
4. The reproduct ion of wr inkles in 2 above does not occur if the 
ba l l s a re changed. 
5. Wrinkling appears in the form of dips r a the r than peaks . 
6. Wrinkling s tar ted appearing at run 12. In the following 
runs , the number of ball columns in which it occurs i n c r e a s e s 
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gradual ly . Once wrinkling has set it, it does not recede . 
7. Up to and including run 35, only some of the ball columns 
were affected by wrinkling. I n t h e s u b s e q e n t r u n s , 
which were pe r fo rmed about one year l a t e r , wrinkling appear-
ed on all columns. 
8. The gr id dis tance obtained from the activity profi les appears 
to r ema in constant and unaffected by wrinkling. 
The mos t grounded assumption to explain wrinkling is that it is 
a ssoc ia ted with d isuni formi t ies in the column of bal ls . Wrinkling 
could be a t t r ibuted to a non-uniform l inear density of manganese 
in the column of ba l l s , due e i ther to foreign bodies between the 
ba l l s o r to disuniform manganese concentrat ion from one ball to 
another . 
F r o m the standpoint of radia l dis tr ibut ion, wrinkling did not de-
t e r m i n e any inconveniences , notwithstanding i ts entity. However, 
f rom the standpoint of axial dis t r ibut ion it makes the analys is 
and compar i son desc r ibed in P a r a g r a p h 2. 6. 3 difficult to per form. 
F o r this r eason , the analys is of the axial behaviour of the neutron 
flux in the runs following the 35th was ca r r i ed out by t rac ing the 
envelope of the top pa r t aí th* activity profile. 
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I r r a d i a t i o n 
T i m e 















FABLE l a ­ S 
A e r o b a l l s 
not 
Working 
9 ­ 22 
9 ­ 1 6 ­ 2 2 
9 ­ 22 ­ 27 
9 ­16 ­23 ­26 ­27 
9 ­ 1 6 ­ 2 6 ­ 2 7 
9 ­ 1 6 ­ 2 6 ­ 2 7 
9 ­ 26 ­27 
9 ­ 1 6 ­ 2 6 ­ 2 7 
9 ­ 2 6 ­ 2 7 
9 ­ 2 6 ­ 2 7 
9 ­ 2 6 ­ 2 7 
9 ­ 2 6 ­ 2 7 
9 ­ 3 ­ 1 6 
9 ­ 27 
>UMMARY 0Γ AEROBALL 
E l e c t r i c a l P o w e r H i s t o r y 
dur ing l a s t 3 Days 
MW(e) 
cons tan t at 190 
cons tan t at 180 
cons tan t at ze ro 
(5 MWt) 
cons tan t at 184 
cons tan t at 184 
cons tan t at 182 
cons tan t at 182 
cons tan t at 182 
con stant at 1 82 
cons tan t at 180 
cons tan t at 180 
cons tan t at 180 
142 unti l 6 pm on June 1st 
126 dur ing A. R. 
cons tan t at 126 
RUNS 
I r r ad ia t ion 
Leve l 
















Cont ro l C roup 
Pos i t i on 




¿ 0 9 








2 8 6 
2 8 6 




Concen t r a t i on 


















T. G. 152 s t eps 
T. G. 280 s t eps 
T. G. 271 s t eps 
T. G. 1 36 s t eps 
T. G. 136 s t eps 
T. G. 148 s t eps 
T. G. 148 s t eps 
T. G. 280 s t eps 
T. G. 280 s t eps 
/ o r th i s and sub­
sequent r uns : 
T G 286 


















7. 2 4 . 6 5 
9. 1. 65 
9. 27. 65 
9. 27. 65 
10. 1. 65 
10. 15. 65 
1 0 . 1 9 . 6 5 
10. 19. 65 
10. 2 0 . 6 5 
10. 20. 65 
10. 23 . 65 
1 0 . 2 4 . 6 5 
10. 2 4 . 6 5 
10. 26. 65 
TABLE 1b­SUMMARY OF AEROBALL RUNS 
Star t ing T i m e 
foi­
















I r r a d i ? : ion 
T imo 



















5 ­ 9 ­ 1 1 ­ 1 6 
2 5 ­ 2 6 ­ 2 7 ­ 2 8 
9 ­ 16 
9 ­ 2 5 ­ 2 6 ­ 2 7 
9 ­ = ­ 26 
9 
9 ­ 5 ­ 1 4 ­ 2 6 
9 ­ 1 6 ­ 2 6 ­ 2 8 
9 ­ 14 
9 ­ 1 6 ­ 2 8 
9 ­ 14 
9 ­ 1 6 ­ 2 8 
9 ­ 1 4 
9 
E l e c t r i c a l P o w e r H i s t o r y 
dur ing l a s t 3 Days 
MW(e) 
z e r o unti l l a m on Ju ly 24th 
24 dur ing A. R. 
cons t an t at 70 
184 until 8 pm on Sep. 26th 
52 at m e a s u r e 
184 unti l 8 pm on Sep. 26th 
52 at me­asure 
cons t an t at 45 
cons tan t at 1 58 
cons tan t at 1 58 
cons tan t at 156 
155 unti l 1 pm on Oct. 20th 
103 at m e a s u r e 
103 unti l 5 pm on Oct. 22th 
1 56 at m e a s u r e 
184 unti l 5 pm on Oct. 2 3th 
200 at m e a s u r e 
Constant at 200 
cons t an t at 200 
200 unti l 12 pm on Oct. 24th 
215 at m e a s u r e 

















Con t ro l C roÌip 
P o s i t i o n 











2 2 3 
232 
2 3 8 
252 




C o n c e n t r a t i o n 
















N o t e s 
Rod 3 3 s tuck 
at 221 s t e p s 

















10. 26. 65 
1 0 . 2 8 . 65 
1 1 . 1 0 . 6 5 
11. 17 .65 
11. 18 .65 
11 . 19. 65 
12. 9. 65 
12. 9. 65 
1 2 . 1 4 . 6 5 
1 2 . 1 6 . 6 5 
12. 17. 65 
1. 10. 66 
1. 20. 66 
7. 12 .66 
iMDLL ic­bUMMAKY OF AEROBALL 
Sta r t ing T i m e 
for 















I r r a d i a t i o n 
T i m e 



















9 ­ 16 
9 
9 ­ 16 
9 
9 ­ 16 




9 ­ 8 
9 
9 ­ 8 
1 ­ 2 ­ 3 ­ 7 ­ 1 0 ­
1 2 ­ 1 3 ­ 2 3 ­ 2 4 ­
2 5 ­ 2 7 ­ 2 8 ­ 9 
E l e c t r i c a l P o w e r H i s t o r y 
dur ing l a s t 3 Days 
MW(e) 
cons t an t at 220 
cons tan t at 220 
cons tan t at 225 
cons tan t at 225 
cons tan t at 225 
cons tan t at 220 
255 unti l 6 pm on Dec . 6th 
1 90 at m e a s u r e 
190 until 5 pm on Dec . 9th­
255 at m e a s u r e 
cons tan t at 255 
cons tan t at 255 
cons tan t at 255 
188 unti l 8 pm on J a n . ° th 
255 at m e a s u r e 
cons tan t at 255 
cons tan t at 95 
RUNS 
I r r a d i a t i o n 
L e v e l 















Con t ro l Group 
Pos i t i on 
s t e p s 
2 6 5 
265 
2 5 9 
2 5 9 





2 6 3 
2 6 3 
260 
2 6 3 
2 5 5 




Concen t r a t i on 













9 1 3 
8 4 0 
A p p · ' · ^ η ÜB 
Notes 















1. 19. 67 
1 .23 .67 
2. 1.67 
2. 1.67 
2 . 2 7 . 6 7 
2. 27. 67 
3. 9. 67 
3. 9. 67 
3. 14. 67 
16. 3. 67 
16. 3. 67 
17. 3 .67 
TABLE 1d­SUMMARY OF AEROBALL RUNS 













I r r a d i a t i o n 
T i m e 













Channe l s 
out 
1 ­9­25­27 
1 ­ 9 ­ 2 5 
1 ­ 5 ­ 9 ­ 2 2 ­ 2 5 ­
26­28 
1 ­ 5 ­ 9 ­ 1 6 ­ 2 5 
1 ­ 8 ­ 9 ­ 1 4 ­ 2 2 ­
25­28 
1 ­ 8 ­ 9 ­ 1 6 ­ 2 5 ­
28 
1 ­ 8 ­ 9 ­ 1 6 ­ 2 5 ­
28 
1 ­ 8 ­ 9 ­ 1 6 ­ 2 2 ­
25­28 
1 ­ 9 ­ 2 5 
1 ­ 9 ­ 2 5 
1 ­ 9 ­ 2 5 
1 ­ 9 ­ 2 5 
E l e c t r i c a l P o w e r H i s t o r y 
dur ing l a s t 3 Days 
MW(e) 
cons t an t at 255 
cons tan t at 255 
cons tan t at 255 
cons t an t at 255 
cons tan t at 255 
cons tan t at 255 
cons t an t at 255 
cons tan t at 255 
cons tan t at 255 
cons t an t at 255 
cons t an t at 255 
cons tan t at 255 
















P o s i t i o n 
s t eps 
2 6 3 
2 6 3 
2 6 3 
2 6 3 
2 6 3 
2 6 3 
2 6 3 









C o n c e n t r a t i o n 













Appi *. ,, 
GB 
N o t e s 
c o r e w a t e r 
Tavg ■ 261 C 
c o r e w a t e r 
Tavg : 265 °C 
c o r e w a t e r o Tavg · 263 C 
ENEL 



































Table 2 a A.2.. 46 A 
Integra /ed Aero ball 






























































S/Si6 « 4 
Ac f IVI/ie s and 
y in th« Refer 































natíos of Integrated 


































































































Table 2 b AR.. Φ 19 
Integrated Aerobat'ι 






























































' Activities and 
































Ratios of Integrated 












































































Table 2c ARA 24 A S/SJ6= 4,037 2803 MWD/MTU 
Integra/ed Aeroball Activities and Ratios of Integrated 





























































































































































































Table 2d ARA 27Β s/S/6s 1,156 3069 MWD/MTU 
Integrated Aeroball Activities and Ratios of Integrated 





























































































































































































Table 2e ARA 31Β S/Si6-1,070 3597 MWD/MTU 
Integra/ed Aero ball Activities and Ratios of Integrated 




























































































































































































Table 2f ARA32ß S/si6 = 4,OSO 3638 MWD/MTU 
Integrated Aeroball Activities and R.atios of Integrated 
Activities to Activity in the Reference Aeroball (No /fj 


























































































































































































Table 2 g AR A 33 A S/Si6 -4,067 374 3 M WD/MTU 
Integra/ed Aeroball Activities and Ratios of Integrated 





























































































































































































Table 2h ARA 35A S/Sus 1.442 4257 MWD/MTU 
Integra/ed Aeroball Activities and Ratios of Integrated 
Activities to Activity in the Reference A e roba// (No /9j 





























































































































































































Table 3o A.RA Π Β 976? MWD/MTU 
integrated Aeroball Activities Expressed as Readinns 
of Micromicroammeter and (latios of Integrated 






































































































































































Table 3b A.RA 38 Β 9850 MWD/MTU 
Integrated Aerobali Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 






































0,98 5 O 























































































































Table 3c A.R.Ì39 Β 10038 MWù/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /Iicromicroammeter end Ratios of Integrated 
Activities to Activity in the Reference Aeroball. 
-Ι0Λ.6 
































































































































































Table 3d A.R. 40 Β 10557 MVVD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 





























































































































Data: 24-4 -67 

































Table 3 e A.R. * 42 A 4073 α MWD/M τ U 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 
































































































































































Table 4a A.R. Φ 46 A 2673 MrVù/MTU 
Activities Integrated Over Core Unrodded Portion 
and Ratios of said Activities /o Activity in the 






























































































































































































Tablé > 4b A. 
Activities Integrate! 

































































RA 49 Β 
i Over Core 


































? Adivi/y in the Reference 
y up Position : 223 Steps 
UP 
corrected for 
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m A.RA 18Β and 
I Values -



















































































¡ C i b i 47-3- 4967 
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Table S CONT'D A.ß. * 38 Β 9650 MWD/MTU 
Assembly Powers Calculated from A.RA 36Β and 
their Deviations from Theoretical Values--, 
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Ratio of Axial i 
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Maximum 
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Ta ô/e 6 b / 































































\. RA 24 A Z803 AiWû/MTU 
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Table 6 c 
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ATTACHMENT 1 : ^TWO JJfPIÇAL ACJIYII.X.FA9JJPJÌ§A§ 
OBTAINED FROM AEROBALL RECORDER' 

E N E L 
Date: 2 3 - 2 - 4967 


































Tab/e 6 d A 






































































































































































Tab/e 6e AR 






































































































































A T T A C H M E N T 2 : nJyì2iÇÒ■L·PRÒ:?ßli9ΊAìí^Λò^yíJìò^JΛJ^99J:d?■P-
BY PRODAC-510 COMPUTER ". 
SNAPSHOT S ?Λ! DATA OF RIX.' « 18A TAKE i ΟΊ OCT, 20 , 1965 
TG.· 
RFD 10000/377/1/ ' 
DEC 10000/10002// 
10000 + 66100.0 
DEC 10003/10003/6/ 
10003 + 286.000 
DEC 10004/10004/10/ 
10004 + 199.000 eG. 
DEC 10005/10005/7/ 
10005 + ^94.523 frr 
DEC 10006/10043/7/ 
10006 + 282.695 
10016 + 281.726 
10026 + 292.726 
10036 + 290.531 
DEC 10044/10047/7/ 
10044 + 266.984 
DEC 10050/10050/10/ 
10050 + 140.593 
TIME IN, SEC 
■TIME OUT, SEC 
36.0 * — 6 6 7 0 0 . 0 - ^ + * DAY 
TRIM CROUP ' POSITION , STEE5 
COHT&OL CROUP POS IT 1014 , STEPS 
























VESSEL PRESSURE, Kgjcm' 
V 
s + 280.937 





•30 THERMOCOUPLES ÙATA , °C 
- 1 
03 
COLD LEO WATER TEMPERATURES. 
&EAD - OUT 7/ME, SEC 
RFD 10000/400/3/ 
MULTIPLICATION FACWQ 


















































































































































AEROBALL IJ) NUMBER-THE 
.5CANNINC OF TH/S 





















A "MONI'TOR a 
+ 1.20556 + 
f 1.27880 + 
+ 1.29003 + 
f 1.28076 + 
+ 1.16674 + 
































































































































































































1 0 . 0 











































































































































































































































































































































































































1 . 0 3 0 2 7 
CO o 
1 














































































































































+ 1 .24072 
+ 1 .27612 
+ 1.25146 
+ 1 .19165 
4- 1 .09838 
4- 1.12255 
+ 1 .18823 
+ 1 .21850 
4- 1 .20312 
+ 1 .15673 









































































10560 6.0 .0 .0 
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INTRODUCTION 
The resu l t s of m e a s u r e m e n t s by means of the Aeroball System up to 
Aerobal l Run No. 42 have been presen ted in the ENEL Report "Neutron Flux 
Dist r ibut ions During F i r s t Operating Cycle of Tr ino V. Reactor" . 
In this Addendum, the r e su l t s from A. R. ' s No. 42 to 55(i. e. the las t 
run that was per formed during the f i rs t operating cycle of the Tr ino plant) 
a re presented and analyzed. 
Table le gives the significant plant operating data for each A. R. 
considered. 
1. AEROBALL DATA ANALYSIS 
The Aerobal l data were co r r ec t ed and analyzed by means of the methods 
descr ibed in the above mentioned repor t . In par t icu la r , the in tegra ted 
act ivi t ies were normal ized for each A. R. to Aerobal l 19. 
F o r A. R. ' s 42A and 43B the absolute ac t iv i t ies , expressed in m i c r o -
a m p e r e s , were compared. These act ivi t ies were re fe r red to the same 
measur ing conditions b y multiplying the integrated act ivi t ies of A. R. 42A 
by'S / S , the rat io of the source readings taken at the beginning of 
the per formance of the runs . Power levels and i r rad ia t ion t imes were 
the same for the two A. R. ' s . 
Activity axial d is t r ibut ions from different runs were compared by means 
of the normal iza t ion method descr ibed in the repor t (ref. 2 . 4 . 3). 
The two Aerobal l s analyzed for each run are Aerobal l s 7 and 20, which 
a re respect ively located at the core per iphery and at the core center . 
- 94 
PRESENTATION OF THE RESULTS 
2. 1 Activity var ia t ion in an Aerobal l as function of i r rad ia t ion 
Tab les 3e to 3t give the data from A. R. ' s 42 to 55. The fifth 
column of each table shows the activity values r e fe r red to Aero -
ball 19. The same values a re plotted in F igs . 1A to IH. Each 
sect ion of these f igures contains data from oc t an t - symmet r i ca l 
A e r o b a l l s , and shows the activity curve calculated on a theore t ica l 
b a s i s by FIAT, along with the exper imental points from the pre -
ceeding runs , a l ready given in the report (ref. F igs . 5A to 5F). 
Bes ides giving the t rend of the activit ies r e fe r red to Aerobal l 
19 at the end of the f i rs t core life, these f igures pe rmi t to a s s e s s 
the sys t em reproducibi l i ty and to detect differences between ball 
se t s A and B, since the respect ive set for each exper imenta l point 
i s identified. 
2. 2 Radia l d is t r ibut ion 
The m a p in Fig. 2 gives a compar ison of the absolute ac t iv i t ies , 
e x p r e s s e d as «-J.A, from A. R. 42A, that was per formed at normal 
condit ions and 43B,that was performed after a dec rea se in coolant 
ave rage t e m p e r a t u r e from 276 to 261 C. 
The ac t iv i t i es r ise at the core per iphery and dec rease in the mid-
dle and inner regions , while the average t empera tu re d e c r e a s e s . 
The m a p in Fig. 4D gives the integrated act ivi t ies normal ized to 
Ae roba l l 19 at the i r r ad ia t ion level of 11,492 MWD/MTU, at which 
level A. R. 51B was per fo rmed . A. R. 51B is the las t run p e r f o r m -
ed at nominal power during the first operating cycle . The ac t iv i -
t i e s at the co re pe r iphe ry reach the highest values of the whole 
cyc le , following the t rend a l ready noticed in the previous maps 
(ref. F i g s . 4A to 4C of the repor t ) . 
No apprec iab le t r e n d s in activity radial d is t r ibut ions have been 
not iced as far as changes in power level and xenon dis t r ibut ion 
were concerned. 
95 
2. 3 Axial dis t r ibut ion 
F o r runs performed at normal operating conditions and with con-
t rol rods withdrawn , the m a x i m u m / a v e r a g e axial ra t io is always 
l e s s than 1. 16, following the t rend already noticed in Fig. 9 of the 
repor t . 
The m a x i m u m / a v e r a g e rat io for run 43B that was per formed at 
low coolant t empera tu re r i s e s up to 1. 24. 
Runs performed at low power level give ra t ios up to 1. 3. 
F igs . 5A to 5E show the effect on the axial activity dis t r ibut ion 
of a dec rease in coolant average t empera tu re and in power level , 
and of a xenon t rans ien t after control rod insert ion. 
F igs . 5A and 5B show a compar i son of Aerobal l 7 and 20 from 
A. R. 's 42A and 43B. One can notice the slight peak towards the 
core top. 
F igs . 5C and 5D show the prof i les relating to Aerobal l 7 and 20 
from A. R. 51B that was per formed at full power and 55B that was 
per formed at 80 MW(e). The i r rad ia t ion level is pract ica l ly the 
same for these runs. While the profi les from A. R. 5IB a re flat-
tened, the profi les from A. R. 55B show a peak towards the core 
top. One can also notice that the profi les of different Aeroba l l s 
from the same run a r e p rac t ica l ly identical. 
Fig. 5E shows the activity profi les of Aerobal l 20 from A. R. 46A, 
which was performed 3 hours after a control rod inser t ion down 
to 220 s teps , and A. R. 47B that was per formed 30 hours l a t e r 
with no control rod movement in the meanwhile. The xenon d i s t r i -
bution reduces the skewing towards the core bottom due to the 
control rod inser t ion. 
SYSTEM ERROR ANALYSIS 
The analys is of the e r r o r s of the Aerobal l sys tem has been c a r r i e d on. 
96 
A p r e c i s e ana lys i s of ball composit ion showed that the manganese con-
cen t ra t ion is non-uniform from one ball to another, confirming the a s -
sumption a l r eady made : about wrinkling (ref. 4. 7 of the repor t ) . 
The sys t em reproducibi l i ty was a s s e s s e d by means of a study of F igs . 1A 
to IH. These f igures show exper imenta l data obtained within a short 
t ime in te rva l and at comparable measur ing conditions. As one can see, 
the expe r imen ta l points a r e compar i sed within +_ 2%, The act ivi t ies are 
p rac t i ca l ly affected by the same e r r o r no mat te r which set of bal ls is 
used. G r e a t e r differences can be noticed between exper imenta l points 
f rom A. R. ' s 42A and 43B due to the different coolant average t e m p e r a t u r e s . 
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SUMMARY AND CONCLUSIONS 
1. The plant was operated during the f i rs t 2600 MWD/MTU at the power level 
of 600 MW(t) with the 10 rods of the Control Group inser ted by 30-40 % 
and with the 2 rods of the T r i m Group inser ted by approximately 50%. 
During the remaining length of the f i rs t cycle, the plant was opera ted at 
825 MW(t) with the control rods prac t ica l ly out of the core except for short 
t ime in te rva l s . 
2. The integrated act ivi t ies of the fuel a s semb l i e s located at the pe r iphery of 
the core inc reased during the f i rs t cycle by approximately 8-12% compar -
ed to the activity in the reference fuel e lement (Aeroball 19) located in 
the in te rmedia te region of the core . The act ivi t ies in the a s s e m b l i e s com-
pris ing the cen t ra l and in te rmedia te regions did not show any significant 
change compared to the reference fuel assembly . 
3. The ea r ly plant operat ion with control rod par t ia l ly inser ted caused a 
skewing of the axial flux dis t r ibut ion towards the bottom of the core and 
consequently a sma l l e r burn-up in the upper core region. Thus, during 
the subsequent operat ing per iod with control rods out of the core , a skew-
ing pi the flux towards the core top was experienced. This skewing was 
then p rog res s ive ly el iminated along with the inc rease of the burn-up . At 
the end of the f i rs t cycle, the axial flux dis t r ibut ion appeared with a slight 
depress ion in the cent ra l portion of the a s s e m b l i e s . 
The axial m a x i m u m / a v e r a g e ratio dec reased steadily with burn-up down 
to approximately 1.15 at the end of the cycle, in no rma l operating conditions. 
4. At the end of the f i rs t cycle, the coolant average t empera tu re was reduced 
o 
during a special tes t from 276 to 261 C. Subsequently to the t empe ra tu r e 
reduction, the following phenomena were observed: 
a. The axial activity profi les showed a skewing towards the top of the core 
with a peak located at l / 5 of the active core length. The maximum / 
- 98 -
ave rage rat io inc reased up to 1. 24 for the a s sembl i e s of the cent ra l 
region. 
b. The radia l activity dis t r ibut ion showed an average inc rease of 3% in 
the a s s e m b l i e s located near the per iphery of the core . 
5. At the end of the f i rs t cycle , the power level was reduced from 255 to 
80 MW(e) without control rod movement . 
The axial act ivi ty profi les showed a skewing towards the top of the core 
s imi l a r l y to that desc r ibed in paragraph 4a above but more pronounced. 
The m a x i m u m / a v e rage rat io inc reased up to 1. 31. 
No t r e n d s have been observed in the radial activity dis t r ibut ion following 
the power change. 
6. The accu racy of the Aerobal l System during the ear ly phase of the f irs t 
cycle could not be sys temat ica l ly assessed . At the end of the cycle, a 
repeat ib i l i ty t es t was conducted covering 13 A. R. ' s . 
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constant at 251 
251 until 04 am on April 15 th 
























DATE- June - 7 - 6 7 
Corma. : 
OB 
CON T Uti. C/(O UP POSIT/ON OMINÓ 
LAST Λ ojyj 
STEPS 
constant at 263 
constant at 263 
263 until 3 pm on March 43 th 
279 until 40 am on March 14 th 
266 at measure 
See AH. 44A 
286 at measure 
286 until 1 pm on March 46 th 
220 st measure 
see Å R. 46 A 
220 at measure 
271 untiL 7pm on April 3 th 
27? untiL 73m 0n April 4th 
2Õ6 at meajure 
262 until S pm on Aprii JO t h 
27ô unid ¿pm on April 14 Ch 
286 31 measure 
constant at 2δά 
constant at 286 
constant at 286 
constant at 236 
constant at 286 





















bula: 24-4 -67 
































Table Ze A.Z. * 4Z A 10763 MWD/MTU j 
integrated Aerohall Acti'/i f ies Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated j¡ 
Adi/ifi es to Activity in the Reference Aeroball. j 
-.104.6 



























































































































































































Table 3 f A.Z. 43 ß Ί0771 MWù/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter arid Ratios of Integrated 
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Table S g A.R. 4 4 A JOÔ6 9 MVVD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 
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Table Sh A.R. 45 B 10909 MvVû/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 
































































































































Dal*: δ - 5-4967 

































Table 3 i A.R. 46 A 40954 MWù/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter ond Ratios of Integrated 
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ENEL 
Délé: 9-5- 4967 
































Table 3 E A.R. 47 8 40938 MWù/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 








































































































































Dala: 4-4 - 5 - Ί967 

































Table 3m A.R. 48 A 14270 MWD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 






































































































































Data: -12 - 5 - 4967 































Table 3n A.R. 49B 44447 MIVD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 









































































































































Dala: -45 - 5 - -1967 

































Table 3ο A.R.50A 41488 MWD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 































































































































Dala: 46 - 5 - 496 7 
































Table 3p A.R. 54 ß J1492 MWD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 


















































































































































Dala: 47-5- 1967 































Table 3Q A.R. 52 fi 14515 MWD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 





























































































































































Table 3r A.R. 53 B 11520 MVVD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 




























































































































Dala: 23-5- 4967 































Table 3δ A.R. 54 A 41580 MWD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 



































































































































Dala: 24- 5 - 4967 































Table 3t A.R. 55 ß 14536 MIVD/MTU 
Integrated Aeroball Activities Expressed as Readings 
of /iicromicroammeter and Ratios of Integrated 




































































































































Flu 2 - COMPARISON OF ABSOLUTE ACTIL//TY VALUES 
(j* A ) FROM A R'å 42 A AND 43 B. 
(Ijc)42 1.02 
% OEVIJT/OM 
AR. 42A : Tavf -■ ¿76 °C 
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Do/Λ 
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/rr<3c//*//oH ¿atsm/. A/Wô/A/rC/ 10,763-/0.77/ 
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